Abstract A section-based taxonomy of Cortinarius, covering large parts of the temperate North and South Hemispheres, is presented. Thirty-seven previously described sections are reviewed, while another forty-two sections are proposed as new or as new combinations. Twenty additional clades are recovered but not formally described. Furthermore, six new or combined species names are introduced, and one species is neotypified. The structure is supported by morphological characters and molecular evidence, based on two (nrITS and nrLSU) and four (nrITS, nrLSU, rpb1 and rpb2) loci datasets and analysed by Maximum Likelihood methods (PhyML, RAxML). Altogether 789 Cortinarius samples were included in the study. Received: 9 February 2018; Accepted: 10 February 2019; Published: 28 May 2019. 262 Persoonia -Volume 42, 2019 -Combine morphological markers with suitable genetic markers to map the sections of the genus, based on as large a sample set as possible. -Use existing sections or other suitable taxa as far as possible, sometimes in the form of new combinations. When not possible, describe new sections. -Provide, for each proposed section, a list of species, either species sampled in the study, or putative species that we assume to be members. -Map out the geographical distribution of Cortinarius sections, with particular attention to the Southern Hemisphere, an area that has so far been sparingly studied (Horak 1983) .
INTRODUCTION
It is self-evident that large fungal genera are in a special need for structuring into lower-rank taxa in order to assist the mycologist in navigating the genus and to provide an overview of its taxonomy. Cortinarius is the most diverse and species-rich genus of macrofungi (cf. Niskanen et al. 2016) . Historically, several systems of subgenera, sections, and other infrageneric taxa were erected in Cortinarius, based on the macromorphology of geographically limited samplings. These taxa were in many cases emended, combined, or divided as micromorphological, chemical, and later molecular data became available from a widening geographical span. In his ground-breaking work, Moser in Singer (1986) listed all then known sections and other supraspecific taxa of the genus, a base that was later used to expand the taxonomy in different directions (e.g., Bidaud et al. 1994 , Brandrud et al. 1994 . We expect this process to continue, especially when considering that many geographical areas (e.g., Africa) remain poorly sampled, and will no doubt prove to contain additional Cortinarius taxa.
Many studies during the past twenty years have explored different aspects of the phylogeny of Cortinarius. Most of the species are described from Europe (c. 1 900 out of a total 2 700 worldwide), followed by North America, which means that the Northern Hemisphere tends to dominate in extant works (cf. Peintner et al. 2004) . But in their barcoding study, Garnica et al. (2016) addressed the genus on a global scale and revealed a cladal structure of c. 900 species based on the internal transcribed spacer regions (nrITS) of the nuclear ribosomal DNA. Garnica et al. (2016: Fig. S2 ) also produced a phylogram of a limited sampling based on five loci, annotated with support figures. This showed that the genus contains two major lineages that appear to be endemic to the Northern Hemisphere, namely sect. Calochroi and subg. Telamonia s.str., thus corroborating previous works on these particular groups (Høiland & HolstJensen 2000 , Frøslev et al. 2006b , Niskanen 2008 , Ortega et al. 2008 , Garnica et al. 2009 , Niskanen et al. 2012 , cf. Soop & Gasparini 2011 . In addition, several other works provide the outline of a phylogeny-based infrageneric taxonomy for selected groups within the genus, based on northern taxa (Brandrud et al. 2013 , 2014 , Liimatainen et al. 2014 , Saar et al. 2014 ).
On the other hand, it is evident from the cited works, as well as from other studies (Peintner et al. 2004 , Garnica et al. 2005 , Stensrud et al. 2014 , Soop 2016 , Soop et al. 2018 , that the genus contains many lineages that are shared between the Northern and Southern Hemispheres, as well as others that appear to be endemic to either. They are often also widely distributed within their hemispheres; for example, a substantial number of clades are shared between North America and Europe (Garnica et al. 2011 , Harrower et al. 2011 , Niskanen et al. 2012 , Ammirati et al. 2013 . One notes, however, that so far little has been done on the Cortinarius taxonomy in north-eastern Asia and in Africa, leaving an important gap in our knowledge of the genus (cf. Horak 1983) .
A common result from many of the cited phylogenetic studies, is that most traditional subgenera (such as Phlegmacium and Telamonia) turn out to be polyphyletic, while many smaller, lower-rank taxa look promising for structuring the genus from well-supported monophyletic clades. The phylogenetic delineation of well-supported subgenera within Cortinarius remains to be achieved through the sequencing of additional genes, or more promisingly, using a phylogenomics approach. In the interim, sections suggest themselves as suitable, monophyletic building-blocks, that may be used later to construct higher taxa. Consequently, in this study we aimed at the following: -Combine morphological markers with suitable genetic markers to map the sections of the genus, based on as large a sample set as possible. -Use existing sections or other suitable taxa as far as possible, sometimes in the form of new combinations. When not possible, describe new sections. -Provide, for each proposed section, a list of species, either species sampled in the study, or putative species that we assume to be members. -Map out the geographical distribution of Cortinarius sections, with particular attention to the Southern Hemisphere, an area that has so far been sparingly studied (Horak 1983) .
With this approach to a supraspecific taxonomy, based on a large number of globally sampled species, we hope to provide a useful framework for expanding the taxonomy of the genus, into higher ranks (e.g., subgenera) or lower ranks (e.g., subsections), as further supported clades become apparent. Thus, in a future effort the sections may be combined or divided, or they may form the basis for new combinations.
MATERIALS AND METHODS

Geographical scope
As mentioned in the Introduction, due to scarcity of material, African and Northeast-Asian species are grossly underrepresented. The following principal areas have been sampled: Europe, North/Central/South America, Australia, and New Zealand.
Taxonomic scope
All the samples are specimens of Cortinarius s.lat., including the genera Cuphocybe, Protoglossum, Quadrispora, Rapacea, Rozites, Thaxterogaster, and Hymenogaster p.p., these being synonyms of Cortinarius (Peintner et al. 2001 , 2002 , Gasparini 2013 . We also include the genus Gigasperma. Two important boreal groups, Calochroi and Telamonia s.str., are represented only by a few token species, due to several recent and ongoing studies cited in the Introduction, which explore the infrageneric ranks involved.
Molecular sampling
Sequences from 634 collections were chosen from GenBank (http://www.ncbi.nlm.nih.gov/) or UNITE (http://unite.ut.ee/), and another 346 sequences were newly generated in this study (Table 1) . For a detailed description of the methods used for DNA extraction and PCRs see Soop et al. (2016) and Papp & Dima (2018) . Where possible, type collections were included in the dataset; 140 samples represent holo-, neo-, epi-or paratypes. All samples were sequenced in the nrITS (ITS1+5.8S+ITS2) region, and in addition most were sequenced in one or more of the nrLSU, rpb1, and rpb2 regions. Seventy collections are represented only by ITS; in these cases the taxon was considered important to confirm a position in the phylogeny. When many sequences of a species were available and their similarity in a separate alignment (not shown) was > 99 %, only one or two samples were chosen. Three species in genera Conocybe, Descolea, and Flammula were chosen as outgroup. See Table 1 for GenBank and fungarium voucher numbers, sections, and provenance.
Phylogenetic reconstruction
The sequences were pre-checked and edited in MEGA 5.2 (Tamura et al. 2011 ). Multiple sequence alignments were performed separately on the individual gene regions using the online version of MAFFT v. 7 (Katoh & Standley 2013 ).
We generated two datasets: a 2-loci (ITS+LSU) and a 4-loci (ITS+LSU+rpb1-rpb2) alignment. For the 2-loci dataset ITS and LSU sequences from 730 specimens were aligned separately using the E-INS-i algorithm (Katoh & Standley 2013) , following Garnica et al. (2016) . The alignments were manually corrected, trimmed and concatenated in SeaView 4 (Gouy et al. 2010) . Preliminary analysis was run in PhyML 3.1 (Guindon & Gascuel 2003) using the following settings: GTR+I+G model of evolution, gamma distribution of 10 rate categories, and tree topology search as SPR.
Thereafter FastGap 1.2 (Borchsenius 2009 ) was used to code the phylogenetically informative insertion/deletion positions (indel) in both the ITS and LSU alignments following the simple indel coding algorithm (Simmons et al. 2001) . After concatenating the nucleotide and binary data in SeaView 4, the partitioned alignment was submitted to maximum likelihood analysis using RAxML (Stamatakis 2014) as implemented in raxmlGUI 1.5.2 (Silvestro & Michalak 2012) . The GTRGAMMA substitution model for the nucleotide partitions (ITS1+5.8S+ITS2+LSU) and the default setting for binary (indel) data was chosen. Rapid bootstrap analysis with 1 000 replicates was applied for testing branch support.
Based on the results of the 2-loci analyses, we selected representative sequences of species in each putative section to assemble a 4-loci dataset composed of 460 ITS, 417 LSU, 161 rpb1, and 87 rpb2 sequences. For the ITS and rpb1 loci we used the E-INS-i (Katoh & Standley 2013) , for the LSU locus the G-INS-i (Katoh et al. 2005) , and for the rpb2 locus the FFT-NS-i algorithms (Katoh et al. 2002) , all under default settings. Referring to the 2-loci dataset (above), we used the same programs for manual inspection of the separate alignments as well as for concatenating the individual alignments and binary data. Six nucleotide (ITS1+5.8S+ITS2+LSU+rpb1+rpb2) and one binary (indel) partitions were defined in our supermatrix which was then submitted to raxmlGUI (Silvestro & Michalak 2012) with the same options as above. Alignments are available in TreeBase (S22220), newly generated sequences are deposited in GenBank (Table 1 ). The trees were in all cases edited and visualized in MEGA 7 (Tamura et al. 2013 ).
Section descriptions
Major morphological characters have been chosen for each new section. Lamellar colour always pertains to immature specimens. Odour, taste, and marginal lamellar elements are mentioned only when significant. The alkaline reaction was made with a 30 % NaOH (or KOH) solution. Unless otherwise specified, stipes are dry, and the hyphae are provided with clamp connections.
RESULTS
The final concatenated 2-loci data matrix comprises 730 sequences and 2 412 sites plus 1 324 binary characters, whereas the 4-loci data matrix comprises 460 sequences and 4 669 sites plus 1 118 binary characters. In total these datasets represent 601 Cortinarius species.
The resulting 4-loci and 2-loci phylograms ( Fig. 1, 2 ) reveal a number of distinct clades, many of which exhibit a moderate (60 -70 %; cf. Frøslev et al. 2005 ) to robust (80 -100 %) bootstrap support values. The PhyML tree is not shown in this study, but its support values for sections and clades are mapped to the 2-loci phylogram (Fig. 2) . Not unexpectedly we thereby recover a number of traditionally recognised and named sections and other supraspecific taxa.
Other sections, preponderantly those with a bihemispherical or southern distribution, are described here as new. Some of (Peintner et al. 2004 , Garnica et al. 2005 , and were sometimes given clade names that inform our section names. We identify 37 previously described sections, while 42 sections are here either described as new or based on taxa previously at a different rank. Monotypic sections (with the exception of Gigasperma) are not considered, even if typified by an included species. In addition, due to ongoing research into the taxonomy of several Cortinarius groups (including cases of insufficiently known taxa), 20 putative new sections are here discussed merely as named clades.
Morphological similarities among the species of a section are often obvious, even though clear synapomorphies are fairly rare. Especially in lineages with austral members, several phenotypic forms are sometimes present, while possessing other shared attributes that can be used to characterise the section. For example, a section may contain taxa with both agaricoid and sequestrate habits, but which all present a yellowish coloration and a viscid universal veil that may be regarded as sectional traits.
There are many singleton species in our phylograms, which our analysis could not associate with other taxa with any confidence (Fig. 1) . Others appear to form loose but consistent associations with low bootstrap values; these are listed as Unsupported Groups in the context of a related section.
TAXONOMY
The sections are presented in a number of main groupings, largely based on the principal lineages recovered in the phylogeny of Fig. S2 in Garnica et al. (2016) . The groupings also roughly correspond to subgenera of a traditional taxonomy (e.g., that of Brandrud et al. 1989 Brandrud et al. , 1992 Brandrud et al. , 1994 Brandrud et al. , 1998 Brandrud et al. , 2012 and are ordered accordingly. The following main groupings are used: For each section, the type is specified and the section or clade members are listed (epithets only, the name Cortinarius being subsumed). Our dataset comprises about 20 undescribed species whose formal protologues will be presented in future publications. Another 64 undescribed species are designated as 'cf.' or 'C. sp.'. In the species list the second column gives the known geographical provenance (see the abbreviations below). The third column specifies the source of genetic information, unless the species is sampled in both 2-loci and 4-loci trees (the normal case). Species that were only sampled in the 2-loci tree are marked 2L, and those that were sampled with at least one rpb sequence in the 4-loci tree are marked R. Species that were not sampled in our analysis, but were shown to belong to the same clade in Garnica et al. 2016 (based on ITS) are marked G2016. A few unpublished results from the ITS sequencing project of the DNA group of the European Cortinarius Association (Journées européennes du Cortinaire, JEC) were included and are marked JEC. Putative taxa that were not sampled in either study are listed in parentheses; these are taxa that have been described as being (likely) members of the section.
If at least two species were included in a section or clade, the ML bootstrap support (in %) is given. This refers to the 4-loci tree, unless specified otherwise. If the type of a new section is represented in GenBank (GB), this is also noted.
Notes on terminology
Refer to Fig. 3 and 4 for illustrations of some of these terms:
By agaricoid is meant the predominant habit of a Cortinarius basidiome with a pileus, stipe and distinct lamellae. The opposite term sequestrate, refers to a habit where the lamellae are replaced by a gleba, the pileus being more or less closed, and the stipe sometimes rudimentary. Pileocarpic and stipitocarpic refer to the development of a Cortinarius basidiome (Locquin 1953) . The former implies an early expansion of the pileus, leaving an often marginate bulb on the stipe. In the latter case, the stipe develops earlier, leaving the stipe less bulbous, often clavate or cylindrical.
By boreal and austral we mean occurring in the Northern and Southern Hemisphere, respectively; bihemispherical implies both. These terms do not imply an ecological or climatological aspect.
The following geographical abbreviations are used: Eur (Europe), NAm/SAm/CAm (North/South/Central America), Aus (Australia), NZ (New Zealand). Notes -The type section of the genus Cortinarius is widely distributed globally. The species are characterised by a dark blue to violet coloration overall, due to the (R)-β-dopa pigment, a dry velvety-granulose pileus, and lageniform cheilocystidia. See Harrower et al. (2015b) .
Section Cortinarius (99 %)
The morphologically similar singletons C. atrolazulinus (New Zealand) and C. austroviolaceus (Australia) are placed in remote positions in our phylogeny, indicating that section characters are convergent. In addition, Moser (1986) described four southern species in the section (of which three from Malaysia, Borneo), but sequences of their holotypes have so far not been available.
Dermocyboid sections
This heading regroups taxa that correspond approximately to the Dermocybe lineage in Fig. S2 of Garnica et al. (2016) . Basidiomata are usually small and slender, characterised by often brightly red/yellow/olive colours, due to anthraquinonic pigments, which also cause a positive (usually red) alkaline reaction in the tissues. Notes -This large section is strictly boreal and consists of small to medium-sized fungi with a dry, felty/squamulose and non-hygrophanous pileus. The pigments are based on the octaketide pathway (Stensrud et al. 2014 Notes -Pauperae contains dermocyboid species, typical for the Southern Hemisphere, of which only two are boreal. They present a yellow, olive, or citrinous coloration, with pigments of the skyrine and hypericine type (Stensrud et al. 2014) . Unlike sect. Dermocybe, some members possess a glabrous or hygrophanous pileus. Three taxa (see C. luteostriatulus) are assumed conspecific with a 99.6 % similarity in the ITS-LSU region. The taxon C. sp. II was labelled 'pallidus' (Stefani et al. 2013 Notes -The group has low support and is intermixed with several of the smaller sections treated above, and all the species in the list are singletons in the present study. Basidiomata are often brightly yellow and red, but C. xenosmatoides deviates by its drab telamonioid habit and lack of alkaline reaction. The Australian C. austrocinnabarinus is shown by our analysis to be a late synonym of C. papaver from New Zealand.
The type of Dermocybe sect. Icterinula, D. amoena, has been sequenced, but is poorly supported as a member of the group in our analysis. ITS sequences of the types of C. amoenus and C. icterinus are 99.8 % similar. Moreover, under a different interpretation, Garnica et al. (2003) place these two species in a separate clade, which was also recovered in our analysis (marked 'II' in the list). Due to these partial contradictions, Icterinula cannot be used as a section name in the present study.
Leprocyboid sections
In 1969 Moser described subg. Leprocybe, whose taxa are mainly characterised by yellow/brownish/greenish basidiomata whose context fluoresces in UV light. Many of the taxa have been shown to contain anthraquinonic pigments of the nonaketide pathway (Stensrud et al. 2014) . Earlier studies (Peintner et al. 2004 , Garnica et al. 2005 have shown that the subgenus is polyphyletic, while some of its sections are here recovered as clades. The South Pacific taxon C. canarius is basal to the leprocyboid clades, despite its original placement in the genus Dermocybe (cf. Stefani et al. 2013) . Under the present heading we consider taxa that are approximately consistent with the concept of Leprocybe s. Moser. Only a few were sampled in Fig. S2 of Garnica et al. (2016 Basidiomata agaricoid or sequestrate, dry, small to mediumsized, typically presenting a dark, tomentose pileus, a clavate stipe, and a yellow and strongly fluorescent context, recalling taxa in sect. Leprocybe. A few species dermocyboid (e.g., the blood-red C. kula). Anthraquinonic pigments based on the nonaketide pathway (Gill 1995) . Pileus 10 -60 mm diam, yellow, dark red-brown, dark orange-brown to umber or blackish, fibrillose / tomentose to granulose. Lamellae yellow, orange, or red. Stipe cylindrical to clavate or rudimentary, citrinous to saffron yellow or red. Veil red-brown to dark yellow, darkening, sparse to fairly copious. Context red to yellow. Alkaline reaction red to blackish brown, ± trivial in some species. Spores ovoid to subglobose, 8 -11 × 5.5 -8 µm, coarsely verrucose. In Nothofagaceae and Myrtaceae forest, New Zealand, Australia.
Notes -The section appears to be endemic for the South Pacific, but has so far not been recorded in Patagonia. The clade was named Splendidi in Garnica et al. (2005) and Stefani et al. (2013) ; however, to avoid connotation with Cortinarius splendidus Peck 1873, or with C. splendidus (E. Horak) K. Griffiths 1985, nom. illeg., we propose a new name here.
One of the members, C. cf. persplendidus II, has traditionally been named Dermocybe splendida in Australia, but forms a sister clade to the latter. Dermocybe splendida was described from New Zealand and later recombined as Cortinarius persplendidus (Gasparini 2006 Notes -This section, and the morphologically similar sect. Callistei, are recovered as well separated but closely related clades in our analyses. The taxa of both sections are characterised by vividly yellow and orange pigments, often with a positive alkaline reaction, but fluorescence is weak. Limonii has its core population in New Zealand with at least eight species, and no member has so far been reported from Australia. Two of them, Cortinarius rubrocastaneus and C. rubrimarginatus, possess remarkable chrysobasidia, a rare feature in Cortinarius. See further Soop et al. (2018 
Phlegmacioid sections
Euphlegmacia
Under this provisional name we regroup most of the taxa that were included in Phlegmacioid lineages I and II in Garnica et al. (2016: Fig. S2 ). They are traditionally and morphologically assigned to subg. Phlegmacium, characterised by a viscid pileus, a dry stipe, relatively crowded lamellae, and a more or less robust habit, even though a fair number of exceptions do occur. The Calochroi complex is discussed in the next subchapter. Notes -This section is bihemispherical and sister to sect. Purpurascentes. The morphological and chemical plasticity within the section is remarkably low. The species are characterised by a pileocarpic development, a viscid pileus, often with an olive or greenish tint, and a positive iodine-based reaction (Garnica et al. 2005) .
Section Purpurascentes M.M. Moser (100 %)
Typus. C. purpurascens Fr., neotypus GB (ITS). Notes -This section is bihemispherical. Like in Scauri (above) the basidiomata present a positive iodine-based reaction, though most deviate by a stipitocarpic habit, and four of the Australian species are sequestrate. In addition, parts of the basidiomata typically darken with a violet tinge on bruising (Saar et al. 2014 Notes -This species was labelled 'C. varius II' in Garnica et al. (2016) . Basidiomata resemble C. varius, but (almost) lack violet hues. They match Fries' taxon well (Fries 1821 (Fries , 1851 ; we hence propose to neotypify his epithet for the present taxon, even though the name has not often been used in modern literature.
Clade /Obsoleti (100 %)
obsoletus Eur R oertelii ined.
Eur R Notes -Basidiomata are stipitocarpic with an ochraceous pileus, violaceous lamellae, and a white veil. In broad-leaf forests. Notes -This predominantly Patagonian section is part of stirps Xiphidipus (see Moser & Horak 1975 ), but as no sequence of the paronymous species C. xiphidipus is available, we cannot use the name as the base of a new combination. The fungi resemble those of sections Arguti and Alboaggregati, which are genetically remote.
Section
Clade /Turcopedes (99 %) turcopes NZ cf. turcopes NZ Notes -A small austral clade of stipitocarpic fungi with a blue to blue-green coloration. In Nothofagaceae forests.
Calochroi s.lat.
This large monophyletic group of over 80 species appears to be endemic for the Northern Hemisphere. Basidiomata generally present a pileocarpic habit with a wide stipital bulb. Many of the species are rare and most grow exclusively on calcareous soil. Their hosts belong to a range of broad-leaf and coniferous genera, but Quercus is a dominant partner, especially in the southern parts of the region.
The phylogeny reveals a number of closely related clades, many of which are recovered as traditional sections. These are not further discussed in this study, having been extensively documented in several dedicated efforts (Frøslev et al. 2006a , b, Ortega et al. 2008 , Garnica et al. 2009 . They are represented in Garnica et al. (2016: Fig. S2 ) by Phlegmacioid clade III.
Pseudophlegmacia
Under this provisional name we consider taxa that in various respects (habit, viscidity, hygrophanity, etc.) deviate from typical Phlegmacium, and/or have sometimes been assigned to other genera or subgenera. Only a few were sampled in Fig. S2 of Garnica et al. (2016 yellow, or apricot-brown to red-orange, finely granulose to fibrillose, with white to ochraceous tufts. Lamellae pale greyish to ochraceous, fairly crowded. Stipe with a ± marginate bulb, white to pale yellow, orange, or olivaceous. Veil white to ochraceous, fairly copious, on stipe fibrillose to peronate with thick tufts near base, sometimes forming a membranous volva or collar. Context greyish ochraceous to olivaceous. Alkaline reaction orange to red-brown in context, red to red-brown on cutis. Spores citriform to amygdaloid, 8 -11 × 3.5 -5 µm, up to 7 µm wide in one species, weakly verrucose. In Nothofagaceae forests, New Zealand and Patagonia.
Notes -Several taxa in this austral section are members of Cortinarius subsect. Coleopodes (see Moser & Horak 1975) . However, since no sequence of the type C. coleopus is available, we cannot use Coleopodes as a basionym.
Notes -A small austral clade of phlegmacioid/telamonioid taxa. Basidiomata are small to medium-sized, stipitocarpic; the coloration is yellow-brown to orange-brown. In Nothofagaceae forests. Soop, nom. nov Basidiomata medium-sized to large, cuphocyboid or sequestrate. Pileus 25-100 mm diam, viscid to glutinous, pale greyish brown to ochraceous, dark orange, or copper red, coarsely fibrillose to granulose, margin sometimes striate or sulcate. Lamellae/gleba pale cinnamon to argillaceous, sometimes with a violet tinge, crowded. Stipe cylindrical to clavate or rudimentary, often with a small rounded bulb, fibrillose, white, later darkening with red-brown tufts and squamules. Veil pale ochraceous, darkening to red-brown, fairly copious. Context white, slightly canescent or flavescent, sometimes marbled violet. Odour often aromatic or melleous. Alkaline reaction insignificant. Spores ellipsoid to subglobose, 9.5 -17 × 7-11 µm, coarsely verrucose. In Fagaceae, Nothofagaceae, and Myrtaceae forests, South Pacific and Central America.
Cortinarius rufoaurantius
Notes -The bihemispherical section consists of taxa of varying morphology with the type originally described in the genus Cuphocybe and four members sequestrate (formerly in genera Thaxterogaster and Protoglossum).
Cortinarius sect. Cuphocybe (R. Heim) Soop, comb. & stat. nov. (100 %) 
Aus 2L
Notes -The former genus Cuphocybe is characterised by phlegmacioid taxa with a lacking cortina, which causes the veil to distribute as scales, tufts, and girdles along the full length of the stipe. Basidiomata are medium-sized to large, glutinous, coloration olive-brown to chocolate brown. Spores ellipsoid, large, 11-16 × 7-9 µm, moderately verrucose. In Nothofagaceae forests, South Pacific. castoreus NZ R mariae NZ, Aus, N Guinea R Notes -Basidiomata are medium-sized to large, robust, dry, sericeocyboid, with large spores (-18 µm). The section type, originally published in the genus Rapacea (named after C. rapaceus of similar colours), is unique in Cortinarius from its almost smooth spores, leaving an olive-yellow deposit. The boreal C. pinophilus appears as a sister with high support, but is morphologically not similar.
Section Crassi Melot (100 %)
Typus. C. crassus Fr., neotypus GB (ITS).
crassus
Eur, NAm R eutactus NZ Notes -Taxa in this small bihemispherical section evoke Phlegmacium, but were traditionally difficult to place in the taxonomy of the genus. Basidiomata are robust with a clavate stipe, dry, coloured pale to dark brown, with narrow, weakly verrucose spores and prominent cheilocystidia (cf. sect. Rubicunduli).
Cortinarius sect. Majestatici Soop, sect. nov. (89 %) Typus. Descolea majestatica E. Horak, GB (ITS, LSU). MycoBank MB822942.
infrequens SAm majestaticus NZ R Basidiomata rozitoid or sequestrate, medium-sized, viscid, cutis structure partly cellular. Pileus 30-60 mm diam, glutinous, dark yellow-brown, young with an olivaceous tinge, later darkening to umber, glabrous, margin striate to sulcate. Lamellae/gleba cinnamon, medium crowded. Stipe cylindrical or rudimentary, yellow-brown to pale yellowish grey, with thick yellow-brown fibrils and girdles, collar grey-brown, membranous. Veil yellowbrown, sparse to fairly copious. Context dirty white to yellowish white with an olivaceous tinge. Alkaline reaction red on cutis.
Hypodermal cells in pileipellis with vesiculose ends. Spores amygdaloid, 12 -14 × 7-8.5 µm, coarsely verrucose. In Notho fagaceae forests, South Pacific.
Notes -The type of this small austral section was originally described in the genus Descolea, but shares major characters with sect. Subcastanelli (Anderson & Orlovich 2016 Notes -Taxa published in the former genus Rozites are distributed over several clades, of which the above forms the bihemispherical type section. Basidiomata are characterised by a membranous inner veil, homologous with the cortina, amyloidal tissues, and strongly dextrinoid spores. One may also note that Rozites sect. Rozites (autonym) was described by Moser & Horak (1975) .
Clade /Achroi (100 % in 2-loci tree)
Notes -Basidiomata are medium-sized to large, rozitoid, glutinous, hygrophanous, with a pale coloration and large spores. In Nothofagaceae forests. Basidiomata medium-sized to large of various habits: rozitoid, cuphocyboid, myxacioid, or sequestrate. Pileus 25 -90 mm diam, dry to glutinous, red-brown to dark yellow-brown or tan, rarely with a violet tinge, coarsely fibrillose, sometimes with thick, greyish white to reddish tufts, margin striate to rimose when old. Lamellae/gleba cinnamon to yellow-brown or brownish pink, rarely violaceous, crowded to rather distant. Stipe cylindrical to clavate, often with a small rounded bulb, violaceous to white, pale grey, or pale yellow, with thick grey to brownish pink girdles, often with a striate, membranous collar. Veil greyish white to greyish yellow or reddish brown, rather sparse to copious. Context grey to pale grey-brown, ± marbled darker grey, yellow, or violet. Alkaline reaction reddish on cutis or insignificant. Spores ellipsoid to subamygdaloid, 8-14 × 5-8.5 µm, moderately to weakly verrucose. In Nothofagaceae forests, New Zealand.
Notes -This section is so far known only from New Zealand. Some of our C. epiphaeus samples were labelled C. napivelatus, a morphologically almost identical sequestrate fungus. Since the holotype of neither has been sequenced, it is too early to judge on their conspecificity, and we here use the dominant (and prioritary) epithet.
Cortinarius trichocarpus could be considered an agaricoid form of a morphospecies that includes the sequestrate C. ohauen- Basidiomata sequestrate, globose to ovate or lobed. Peridium 10-55 mm diam, thin, dry, silky, whitish to lilac, flushing brown, purple, or bluish on manipulation. Gleba loculate, cinnamon to rusty brown. Columella white, tenous, dendrous to percurrent, or absent. Odour aromatic. Spores ellipsoid, 9-13 × 6.5-8 µm, weakly to moderately verrucose. In coniferous forests, North America.
Notes -The section is sister to sect. Caerulescentes. It has also been informally described as the genus Cortinogaster ined. See Smith (1966) . Notes -The name C. sublilacinus is in use (Murrill 1944 Notes -A boreal section of phlegmacioid, stipitocarpic taxa, whose basidiomata present dark colours with a more or less pronounced olive component, growing with a wide range of coniferous and frondose hosts. It is further characterised by the presence of the alkaloid infractopicrin (Stensrud et al. 2014 ).
Cortinarius lilacinoides
The New Zealand species C. pholiotellus is closely related, but is not included due to morphological differences. Notes -A small boreal, phlegmacioid or myxacioid section, characterised by olivaceous-yellow tints and the presence of the alkaloid quinoline (Stensrud et al. 2014) . It often appears as a sister to sect. Delibuti.
Cortinarius sect. Purpurelli Soop, sect. nov Notes -Several members were described in the former genera Thaxterogaster and Rozites (Horak & Moser 1965 Notes -Basidiomata are large, whitish, viscid, with a peronate veil. Spores 9 -12 × 5.5 -6.5 µm, amygdaloid. The taxa have also been attributed to the genus Rozites. In Myrtaceae forests.
Anomaloid sections
Three sections are bihemispherical and the basidiomata are characterised by a yellowish or reddish veil, a relatively slender habit, and rounded spores. The sections are represented by two lineages in Fig. S2 of Garnica et al. (2016 Notes -A small sequestrate fungus with very large, thickwalled, smooth spores. Two other species have been described in Gigasperma, none of which, however, is part of Cortinarius (Index Fungorum).
Myxacioid sections
The subsequent four sections, along with Cortinarius bellus (New Zealand), form a robust clade, which contains the type section of subg. Myxacium. They are represented by the main Myxacium lineage in Fig. S2 of Garnica et al. (2016) This large monophyletic entity was recovered as the main Telamonia lineage in Fig. S2 of Garnica et al. (2016) . It contains the vast majority of species described in the subgenus, and appears to be endemic for the Northern Hemisphere. Basidiomata are dry and generally present a stipitocarpic habit with a hygrophanous context. Colours are usually drab brownish or greyish, occasionally with a violet component. Many of the species are of a modest size. Recently many new species were described from the northern coniferous taiga belt, making this the most diversified region for Telamonia known to date.
The phylogeny reveals a number of clades, many of which are recovered as traditional sections. These are not further discussed in this study, having been extensively documented in several dedicated efforts (e.g., Kytövuori et al. 2005 , Niskanen 2008 , Niskanen et al. 2009 , 2012 , 2013 , some of which are currently being pursued.
Other telamonioid sections
This is a polyphyletic assembly of sections, some bihemispherical. A number of the northern taxa have traditionally been included in subg. Telamonia (s.lat.), and their basidiomata look like what is known as 'typical Telamonia'. One of these lineages (Obtusi) was recovered in Fig. S2 of Garnica et al. (2016) . Southern taxa, on the other hand, often exhibit several deviating characters, such as bright colours and a positive alkaline reaction. Notes -This taxon is bihemispherical. Basidiomata are dry with grey-brown and violet colours, but are mainly characterised by a strong, obnoxious odour reminding of acetylene, which appears to be synapomorphic. See further Niskanen (2008) and Niskanen et al. (2015) . 
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DISCUSSION
Higher ranks
In the present study we are not formally introducing taxonomic structures of higher rank than section. Robust phylogenetic support for higher ranks, such as subgenera, would presumably require a dataset built on more loci than the current nrITS, nrLSU, rpb1, and rpb2 (cf. Frøslev et al. 2005) . It may nevertheless be appropriate, as part of a discussion, to review a few major tentative lineages suggested by our phylograms, albeit with modest support in some cases. The history of a couple of lineages is reviewed in more detail. Kühner & Romagnesi (1953) for a group based on the European Cortinarius limonius. Moser (1969) promoted Limonii to a section, expanded it with a number of boreal taxa, and attributed it to his new subg. Leprocybe. But he wisely refrained to include the morphologically similar C. callisteus, which had originally been present. Orlovich & Oliver (2002) found that C. rubrocastaneus, a species from New Zealand, is also part of the section. Our analysis now shows that at least eight recently discovered species belong to the section, making New Zealand the most diversified area for sect. Limonii known today (Soop et al. 2018) . Cortinarius callisteus, on the other hand, is part of the bihemispherical sect. Callistei, a separate lineage, consistent with the concept of subg. Callistei (Niskanen et al. 2016 (2000) and Peintner et al. (2004) showed that a large core portion of the subgenus was monophyletic, leaving the common telamonioid sect. Obtusi in a separate lineage. The core portion, here termed Telamonia s.str., seemed to be confined to the Northern Hemisphere, as later confirmed by Garnica et al. (2005 Garnica et al. ( , 2016 . These and our own studies show that not only Obtusi but several other telamonioid taxa (Camphorati, Illumini, Laeti, Renidentes) are positioned outside Telamonia s.str. and are in fact bihemispherical (cf. Niskanen 2008) . Originally, also a number of austral species were classified as Telamonia (Moser & Horak 1975 , Grgurinovich 1997 , Soop 1998 , 2001 , 2005 , Gasparini & Soop 2008 Garnica et al. (2016) .
Traditional vs phylogenetic sections
In several cases traditional sections were shown by our study to be polyphyletic, while often retaining a monophyletic core of species around the type. In other cases the sections were broken up into disparate lineages. For example, the boreal sect. Claricolores was earlier defined by the fusoid spore shape and caespitose growth, and then contained notably Cortinarius claricolor, C. variegatus, and C. turmalis (cf. Brandrud et al. 1989 Brandrud et al. , 1992 Brandrud et al. , 1994 Brandrud et al. , 1998 Brandrud et al. , 2012 . Our analysis recovered C. variegatus as a singleton, while C. turmalis unexpectedly forms a well-supported clade with the austral C. picoides. The new sect. Turmales in fact retains the two mentioned character states, while the emended sect. Claricolores (Brandrud et al. 2013) shows characters like a sulcate pileus margin, and includes species such as C. praestans.
The relatively recent discovery of many new species from the Southern Hemisphere has resolved a number of singletons into small clades, some of which are here described as new bihemispherical sections, like Turmales mentioned above. Another example of this pattern is the boreal Cortinarius crassus, traditionally considered an odd entity, difficult to place in the taxonomy, and long the only member of its sect. Crassi. But as in the case of Turmales, the discovery of the austral C. eutactus has revealed Crassi as bihemispherical. The two species share the habit and the presence of remarkable cheilocystidia. The pattern is replicated by the boreal C. rubicundulus having now found a southern 'partner' in C. subgemmeus, with which it shares the characters of cheilocystidia and a flavescent context. A number of lineages appear to occur exclusively in either hemisphere (Soop & Gasparini 2011) . In our analysis a conspicuous number of phlegmacioid clades are confined to the North. In the Introduction, we mentioned Calochroi s.lat., but also Multiformes, Claricolores, Riederi, Glaucopodes, Arguti, and Caerulescentes, just to name a few, belong to this category. In the South the endemic sect. Cremeolinae is closely related to the boreal Multiformes, to which there is also a strong morphological resemblance. Other section pairs exhibiting a similar biogeographical pattern are Leprocybe-Persplendidi and Myxacium-Marmorati.
Biogeographical section concept
Even though a number of sections are bihemispherical, our study corroborates the fact that no Cortinarius species is known to occur naturally in both hemispheres (pers. obs., and cf. Harrower et al. 2015a: 705) . This could be explained by the strict ectomycorrhizal host specificity within the genus (Wang & Qiu 2006 , and cf. also Brandrud 1996 and Kytövuori et al. 2005 . Few, if any, of the putative host genera are naturally present in the temperate regions of both hemispheres (the exceptions may be Quercus and Alnus in South America). A strict analysis of this biogeographical relationship would involve the history of plant evolution, which is beyond the scope of the present study. Such a study was presented by Wilson et al. (2017) on the subject of the genus Laccaria. But whereas Wilson et al. (2017) report a distinct north-south split into two major clades for Laccaria, our topology shows a mosaic of smaller, intermixed, boreal and austral clades for Cortinarius, similar to the clade structure of Garnica et al. (2016) .
Looking closer at this structure, one notes that a number of potential section clades can be neatly split into two subclades, one endemic for each hemisphere. This topology often exhibits two important patterns: (a) one can significantly boost the bootstrap support by excluding one of the subclades from the section; and (b) the austral subclade tends to be 'basal' in the sense that its branch is shorter than the boreal one. The interesting pattern (b) and its hypothetical connection with the evolution of the genus would be a subject for future research.
With reference to (a), one is faced with the choice of conceiving the clade as one bihemispherical section with lower support, or as two well-supported, geographically separated sections. Where the two subclades are morphologically similar we have sometimes opted for the first choice. For example, we chose to retain a bihemispherical sect. Illumini (with a lower support) due to phenotypical similarity across the clade. A contrary example is the pair Leprocybe-Veronicae, kept separate due to morphological differences despite a robust joint support. On the other hand, sect. Anomali, Cortinarius, and Delibuti are examples of bihemispherical, morphologically homogeneous sections with a robust support.
Merits of going beyond ITS/LSU
Comparing the 4-loci tree ( Fig. 1) with the 2-loci tree (Fig. 2 ) one finds that they recover largely the same sections, while the bootstrap support is in many cases higher in the former. The 4-loci tree even reveals several smaller sections that were not present with two loci. It appears, in fact, that the mere addition of an rpb sequence to one sample often has a definitely positive effect on clade support (cf. Frøslev et al. 2005) . Moreover, this 'grafting' of rpb sequences sometimes produces an extended effect, which is in retrospect perhaps not so surprising, in that it stabilises not only the 'grafted' clade but also neighbouring clades, even if the latter do not include the extra loci.
The use of gap coding (Nagy et al. 2012 ) has also proved beneficial in the present study in order to confirm many sections and increase their support.
Extent of sampling
As indicated by the number of putative section members listed (in parentheses) under Taxonomy, many species remain to be sequenced in the appropriate loci. In some cases it is especially important to provide the data to confirm (or refute) a proposed section.
